N
UTRITION can markedly affect carcass leanness. There is evidence, recently reviewed by Wallace et al. (1966) , that dietary restriction of either energy or total diet will bring about increased carcass leanness. Several workers have also reported improvement in carcass desirability with increasing levels of dietary protein or lysine (Ashton et al., 1955; Cahilly et al., 1963; Wagner et al., 1963; Bell, 1965) .
That sex is an important determinant of carcass leanness is indicated from the work of Cabill et al. (1960) , Teague et al. (1964) and Tribble et al. (1965) . These workers showed that gilts are leaner than barrows, but that boars are leaner than either barrows or gilts. Teague et al. (1964) demonstrated that implants of diethylstilbestrol brought about an improvement in carcass quality of boars. More recently, Jordan et at. (1965) reported that a combination of diethylstilbestrol and methyltestosterone when fed to finishing barrows and gilts increased carcass leanness and improved feed efficiency.
The objectives of the experiments reported herein were (1) to establish response to a combination of diethylstilbestrol and methyltestosterone at a dietary protein level deemed superadequate and (2) to evaluate the effect of sex and dietary protein level upon response to the hormonal combination.
Experimental
A 15% protein finisher diet was used in Experiment l, and fortified corn-soybean meal d~ets containing 10, 12, 14 or 16% protein were used in Experiments 2 and 3 (table 1). The protein content of corn and soybean meal was determined and used in formulation to achieve the desired level of protein in final diets. Analysis of random samples of the finished feeds yielded protein levels very close to the calculated levels. The antibiotic tylosin was included in all diets at a concentration of 11 rag. per kilogram. Diethylstilbestrol (DES) and methyltestosterone (MT) were each incorporated into diets where indicated at a concentration of 2.2 rag. per kg., the same levels as those used by Jordan et al. (1%5) .
Enclosed buildings with concrete-floored pens were used to house the pigs throughout these studies. Feed and water were supplied ad libitum.
Pigs were individually weighed upon initiation of an experiment, at 14-day intervals and when removed at slaughter weight. Carcass data were obtained after carcasses had been in the cooler for approximately 24 hours. Percent lean cuts refers to twice the weight of lean cuts (ham, loin and shoulder) in the left side divided by weight of the whole chilled carcass. Percent fat trim plus leaf fat refers to twice the weight of fat trim from the left side plus leaf fat from the whole carcass divided by the weight of the whole chilled carcass. Conventional procedures were used to measure other criteria of carcass merit.
Experimenr l. Three hundred and eight purebred Hampshire and crossbred Yorkshire)<Hampshire pigs were randomly assigned from within uniform breed, litter and weight groups of barrows and gilts to a splitplot design consisting of sex as the main plot and the DESd-MT combination as the subplot. A total of 40 pens (10 barrow and 10 gilt replicates) containing 5 to 10 pigs per pen (depending upon replicate) was employed. Barrows averaged 50 kg. and gilts 48 kg., initially. Pigs were removed individually for slaughter when a final weight of 100 _+2 kg. had been reached.
Using pen means for all criteria, the data were subjected to analysis of variance. All 10 replicates of barrows were slaughtered for carcass evaluation, but only 6 of 10 replicates of gilts were slaughtered. To obtain an unbiased estimate of the sex effect and the in-1059 teraction of sex with treatment, analysis of variance of carcass data was performed using nnequal subclass techniques described by Harvey (1960) . Experiment 2, Sixty purebred Hampshire pigs averaging 56 kg. initially were assigned to 10 outcome groups (7 gilt groups and 3 barrow groups) based upon ancestry and initial weight. From outcome groups within sex, pigs were allotted randomly to treatment and pen. Three protein levels were studied: 10, 12 and 14% (table 1). All gilts in this experiment were saved for the breeding herd; thus, only barrows were ET AL. slaughtered for carcass evaluation. They were removed individually for slaughter when a final weight of 95 --+2 kg. had been reached.
Gain, feed consumption and feed efficiency data were statistically analyzed on the basis of pen means. Due to the availability of barrows only, carcass data were statistically analyzed on an individual animal basis.
Experiment 3. Eighty crossbred (HampshireXYorkshire-Hampshire) pigs averaging 54 kg. initially were formed into 10 outcome groups (6 gilt groups and 4 barrow groups) of 8 pigs each, based upon ancestry and initial weight. From outcome groups within sex, pigs were allotted at random to treatment and pen. In addition to the 10, 12 and 14% dietary protein levels studied in Experiment 2, 16% protein was also evaluated. Gilts in two of the six gilt outcome groups were removed (individually) at slaughter weight and used as herd replacements. The remaining pigs (four pigs from each cell of the 4)< 2 X 2 factorial arrangement of treatments) were removed individually at a final weight of 95 -+ 2kg. for slaughter and carcass evaluation.
All data were analyzed on a pen-means basis by analysis of variance using orthogonal polynomials to evaluate main effects and interactions.
Results

Experiment
1. The combination of DES+MT reduced gains and feed consumption of barrows but not gilts, as indicated by a significant (P~.01) sex X treatment interaction (table 2) . On control diets, barrows gained faster and consumed more feed than Kilts, b~,t on diets containing DES-{-MT the difference between sexes did not exist. Feed efficiency was improved (P<.01) by oral DES+MT administration, and response was similar in both barrows and gilts.
Carcasses from pigs fed DES+MT were leaner as evidenced by a significant increase in carcass length (P<.05), loin-eye area (P<.01) and lean cut yield (P<.01); and a significant decrease in backfat thickness (P<.01) and fat trim plus leaf fat (P<.01). Larger (P<.01) loin-eye areas were found in gilts than in barrows. Although the magnitude of response appeared greater in barrows than in gilts, the interaction of ate less than those fed control diets. Protein level had no effect on feed intake.
Protein level influenced the feed efficiency response to DES+MT. Response was negative at 10% protein, slightly positive at 12% protein and positive at 14%o protein. However, the interaction of DES+MTXprotein (main effect or linear) did not attain the 5% significance level. A linear (P<.01) improvement in feed efficiency occurred with increasing levels of dietary protein.
Carcass data of barrows are presented in table 4. DES-}-MT increased lean cut yield Carcass data for Experiment 3 are presented in table 6. Carcasses from pigs fed DES+MT had significantly (P~.01) less backfat and a lower percent of fat trim plus leaf fat. Also, percent lean cuts (P<.01) and carcass length (P<,05) were increased by feeding DES+MT. As in Experiment 2, protein level had no effect on backfat thickness or carcass length; but lean cut yield and loineye area were linearly (P<.05) increased, and fat trim plus leaf fat was linearly (P<.01) decreased with increasing levels of dietary protein. The only carcass variable influenced by sex was loin-eye area. Gilts had a larger (P<.05) cross-sectional area of this muscle than barrows.
The combination of DES+MT increased (P<.01) liver weight. This occurred at all levels of dietary protein and in both barrows and gilts. However, a linear (P<.05) increase in liver weight also occurred with increasing levels of dietary protein. A similar effect of protein level on liver weight has been reported previously in swine by Tumbleson and Meade (1966) , and in feeder lambs by Wilkinson et al. (1954) . Significant in the latter Plots of the two-factor interactions for lean cut yield are presented in figure 1 . None of these were statistically significant, indicating independence of treatment main effects. As shown in the proteinXDES-~-MT interaction, lean cut yield increased as dietary protein level increased, and DES-[-MT improved this criterion of carcass leanness at all protein levels studied.
TARI,E 5. PERFORMANCE OF BARROWS AND GILTS FED A COMBINATION OF DIETHYL-STILBESTROL AND METHYLTESTOSTERONE IN DIETS CONTAINING FOUR LEVELS OF DIETARY PROTEIN (EXPERIMENT 3) ~ Barrows Gilts
The response in lean cut yield from DES+MT was positive in both barrows and gilts, although response of barrows was slightly greater than response of gilts (sext DES-[-MT interaction). Control gilts were leaner than control barrows, but with barrows responding to DES-[-MT more than gilts, yield of lean cuts in carcasses from treated pigs was similar between sexes.
Barrows and gilts responded to increased dietary protein levels with increased lean cut yields, but the resulting curves for the two sexes assumed different shapes (proteinXsex interaction). Thus, a plateau occurred in barrows at 14% protein, but no plateau was apparent in gilts.
Discussion
Work from the Purdue station (Beeson et al., 1955; Perry et al., 1956; Thrasher et al., 1959) demonstrated improved feed efficiency and carcass leanness, but decreased rate oi gain and feed consumption in pigs fed methyltestosterone. Qualitatively, these effects are similar to those observed from daily injections of growth hormone (Turman and Andrews, 1955) . The observations on methyltestosterone together with those indicating favorable effects upon performance and car- cass merit of boars (Teague et al., 1964) and barrows (Beacom, 1963) implanted with DES suggested that a proper combination of orally active androgenic and estrogenic compounds might prove efficacious, particularly for barrows. The data presented here confirm this efficacy and indicate that gilts as well as barrows responded to DES+MT. It is conceivable that some of the response in carcass leanness from DES+MT could have been due to the decreased feed consumption attendant with administration of the hormonal combination. Certainly, there is reason to believe that a forced reduction in feed or energy consumption will increase the lean to fat ratio of pork carcasses (Wallace et al., 1966) . However, unpublished pair-feeding data from our laboratory have indicated that carcass leanness is improved by oral DES+MT on either a limited-or a full-feeding regimen. Also, the fact that at only a slightly reduced feed intake treated gilts were leaner than control gilts supports the view that the improvement in carcass leanness was largely due to DES+MT per se.
In a recent cross-over experiment (unpublished data) wherein corn-soybean meal diets containing 16% protein were fed to six 70 kg. barrows, nitrogen retention was increased significantly (P<.01) by the same combination of DES+MT as that described herein. The response was due almost entirely to a decrease in urinary nitrogen excretion. Fecal nitrogen excretion and nitrogen digestibility were not affected by treatment.
Regardless of dietary protein level, DES+MT produced a beneficial effect on lean cut yield, percent fat trim plus leaf fat and backfat thickness 9 Although loin-eye area was not affected significantly by DES+MT in either Experiment 2 or Experiment 3, there was a trend toward increased response from the combination of DES+MT as protein level increased. Loin-eye area is perhaps the best crude carcass indicator of muscle anabolism. With the possible exception of carcass length, the remaining criteria of carcass leanness used herein could have been affected by a change in the rate of either protein or lipid metabolism. Loin-eye area was not improved by DES+MT when the protein level (10%) was deficient, but, with only few exceptions, it was improved at the higher levels of protein. Therefore, it could be suggested that adequate dietary protein is necessary for expression of any anabolic activity resulting from DES+MT. However, by this reasoning, a protein anabolic mode of action of DES+MT cannot explain the decreased backfat thickness and increased percent of lean cuts (the former, perhaps, causing part of the latter) which occurred at the 10% level of dietary protein in Experiments 2 and 3. Thus, an antilipogenic mode of action (decreased lipogenesis or increased lipolysis) may also be involved in the carcass leanness response to DES+MT.
Using an anabolic steroid, Robinson and Singleton (1966) obtained a growth and carcass leanness response in finishing barrows at a low level of dietary protein (12 % ), but not at a high level (183). In contrast, Beacom (1963) obtained a response in barrows from DES implants only when additional dietary protein was fed. In agreement with these findings, Preston and Burroughs (1958) found that to obtain increased leanness in Iambs from DES administration, an adequate to superadequate level of dietary protein was necessary. For the ruminant, there is little doubt that DES has anabolic effects similar to that expected from growth hormone administration (Shroder and Hansard, 1958; Struempler and Burroughs, 1959) . Thus, it is conceivable that part of the response to DESq-MT in swine may be due to increased muscle anabolism.
In Experiment 3, 16% dietary protein was required to obtain a consistent feed efficiency response from DES-[-MT in both sexes. Perhaps it is important that the pigs used in Experiments 2 and 3, but particularly those used in Experiment 3, were extremely meaty. Lean-type pigs probably require a higher level of dietary amino acids than fat-type pigs, and the difference in amino acid needs may be even greater if an anabolic agent is administered. Bowland and Berg (1959) presented data suggesting that a lean-type pig requires more dietary protein than a fat-type pig.
Working with a barley-basal diet containing 13% protein and 0.55% lysine, Bell (1965) obtained a gain and efficiency response upon increasing the protein level to 16%. Lysine addition to the 13% protein diet (to give a level equivalent to that in the 16% protein diet--0.67%) was as effective in promoting increased rate and efficiency of gain as increasing the protein level. However, in contrast to these findings as well as those reported herein, Meade et al. (1966) observed no improvement in performance when either extra protein or lysine was added to a 12 3 protein (0.56% lysine) corn-soybean meal diet.
The data presented for Experiments 2 and 3 suggest that rate and efficiency of gain were maximized at a dietary protein concentration of 12% in barrows, but 14% in gilts. For maximal carcass leanness, 14% protein was required by barrows and 16% protein by gilts. This supports the view that gilts require a higher level (or a different pattern) of dietary amino acids than barrows, regardless of whether the requirements are defined in terms of maximal rate and efficiency of gain or maximal carcass leanness.
Summary
Four hundred and forty-eight finishing pigs were utilized in three experiments to evaluate efficacy of a dietary combination of diethylstilbestrol (DES) and methyltestosterone (MT). The effects of sex and dietary protein level upon response to the hormonal combination were also evaluated.
Regardless of sex or dietary protein level, carcass leanness was improved by DES+MT, but improved feed efficiency resulted only at the higher levels of dietary protein. Feed efficiency and carcass leanness response to DESq-MT tended to be greater in barrows than in gilts. Rate and efficiency of gain were maximized at a dietary protein concentration of 12% in barrows, but 14%, in gilts. For maximal carcass leanness, 14% protein was required by barrows and 16 3 protein by gilts.
Protein level had no effect on backfat thickness or carcass length, but the remaining criteria of carcass leanness were improved additively by both DES@MT and increased dietary protein.
